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Abstract 
A pavement core sample image acquisition system which includes a line scan camera, a core sample rotation platform 
and a LED light source was designed and the software of the system was designed and implemented by using the 
Matrox Mil controls in the Visual Studio VB.NET. In the study, the original core sample images of cement stabilized 
aggregate were processed to get the characteristics of the particle in the image. The characteristics, such as area, 
perimeter, fitting ellipse and minFeret were extracted to calculate the area passing rate of aggregate with different 
size. Results shows that, in this way, the gradation of coarse aggregate (>2.36mm) in the cement stabilized aggregates 
can be got and the method helps to detect the gradation change during the road construction more rapidly and easily. 
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1. Introduction 
Pavement is a multi-layered structure. It is composed of a concrete or an asphalt slab resting on a 
foundation system comprising various layers such as the base, subbase, and subgrade. Results show that 
the performances of the pavement are influenced by the aggregate gradation of the mixture greatly [1-4]. 
During the construction, many factors will make the actual aggregate gradation in the pavement mixture 
deviate from the design gradation. So it is important to detect the change of aggregate gradation in time.  
Usually core samples drilled from the pavement are used to judge the pavement defects including the 
change of aggregate gradation. The diameter of the pavement core sample is usually 100 mm and the 
thickness varies from 100 mm to 150 mm. With the development of the image acquisition and image 
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processing techniques, the image processing method used for pavement gradation test is an important 
study area now. Someone uses digital camera to shoot the cut section of the core sample to get the 
image，but the sample needs to cut and the area of the section is too small [5]. Some researchers try to 
use digital camera to shoot the side of core sample from different angle and analyze the images joined 
together, but the image obtained always exists distortion for the side image of the core sample is a curve 
[6].  
In this paper, line scan camera is used to design the image acquisition system to obtain the side images 
of the cement stabilized aggregate core sample drilled from the pavement. The original images of core 
sample is proceed to extract the characteristics of each particle and measure the aggregate gradation. 
2. Core Sample Image Acquisition System 
2.1. Hardware Design 
The hardware of the core sample side image acquisition system mainly contains two parts. One is the 
line scan camera, the image acquisition card and the accessories with them; the other is the test platform 
that drives the core sample to rotate with different speed (Figure 1). In the study, the frame grabber used 
is SoliosXCL, the CCD camera is E2V of Aviiva ® M2 CL and the lens of the camera is Nikon with the F 
amount and the width of 35mm.  
 
Fig.1. Core sample side image acquisition system schematic diagram 
• Line Scan Camera Selection 
In the study, the Aviiva ® M2 CL line scan camera is selected to build the image acquisition system. 
The sensor of the camera is high sensitivity and high SNR performance linear CCD , the number of pixels 
of the camera is 2048 pixels, the pixel size is 56×60×39.4 mm ,the max line rate is 28 kHz when used 
with dual tap, and the output can be single tap or dual tap, the Data rate is 60 Mpixels/s .  
• The soliosXCL  
Matrox Solios XCL board is dual-base board, which is a high-performance Camera Link frame 
grabber. By default, the boards support Camera Link frequencies of up to 66 MHz. Under optimum 
conditions, Matrox Solios can exchange data with the host at a peak transfer rate of up to 1 Gbyte/sec. 
• Core Sample Rotation Platform 
core sample rotation is mainly composed of a frequency turner, an electrical motor, reduction box, 
bearing and the core sample tray. The frequency turner can adjust the frequency of the electrical motor 
4513Liqun Hu and Chaofan Wang / Procedia Engineering 15 (2011) 4511 – 4515 Liqun Hu et al / Procedia Engineering 00 (2011) 000–000 3
from 0Hz to 60Hz, the reduction box can reduce the speed of the electrical motor with the ratio of 50:1, 
which change the core sample rotate with the speed from 0 rpm to 30 rpm.  
• Light source selection 
In order to eliminate the impact of natural light, a suitable light source should be selected. In the study, 
the core sample images acquired with the bar LED as the light source. 
•  Camera exposure time selection 
In order to get better image of the sample, exposure time should be controlled before the camera is 
working. After the comparison of the images which gets with different exposure time, the image of 800μs 
exposure time is most accordance with the actual sample.   
2.2. Software implementation 
In the study, the pavement core sample image firstly is acquired using the Matrox Imaging Library 
(MIL) software accompanied with the frame grabber in the continuous grab mode, and then the pavement 
core sample image is acquired by the program developed using the threading technique and the Mil 
controls in the Visual Studio VB.NET.  
Usually using threads can give researcher great power, but with great power comes great responsibility. 
Using threads irresponsibly can easily lead to poor performance and unstable applications. However, 
using good techniques with threads can produce programs with higher efficiency and more responsive 
interfaces.  
3. Core Sample Image Processing 
The original image of the core sample can not be used to analyze aggregate gradation directly, it must 
be processed according the following step (Figure 2).   
 
Fig.2. Flow chart of the gradation analysis  
3.1. Gray scale image enhancement 
The method of contrast expansion modifies the gray-scale value of each pixel dot by dot to modify the 
dynamic scope of gray-scale in the image. It can expand or compress the gray-scale scope, or compress in 
some dynamic area whereas expand in another area. [7]  
Image median filtering is used to remove the noises caused during the image acquisition process. 
3.2. Binary image processing 
This paper uses an adaptive threshold method to obtain the binary image. There are some 
conglutinations of the particles; thus, morphological operations need to be carried out after getting the 
binary image of the cement stabilized aggregate. First, the erosion operation is carried out to separate the 
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particles. Then, the close operation to fill the holes which are caused by the noise points in the particles, 
and then uses the dilation operation to restore the particle size.  
3.3. Particle analysis  
This paper carries on particle analysis based on the binary image and draws the label of each particle in 
the image. It extracts characteristics such as area, perimeter, fitting ellipse and minFeret of each particle 
and save the data into a database table. 
In the study, a core sample of cement stabilized aggregate (Figure 3a) drilled from pavement base 
course was tested to analyze its particle gradation. The original side image of the core sample (Figure 3b) 
was got by using the image acquisition above, and then the image was processed to get the binary image 
and labeled (Figure 3c). After this, the characteristics of the particles were extracted (Table 2). 
 
     
                    (a)                                               (b)                                                          (c) 
Fig.3. Core sample, original image and label image of the core sample 
Table 2 .Particle analysis results 
 
4. DATA ANALYSIS 
In the study, the coarse aggregate (>2.36mm) gradation of a cement stabilized aggregate core sample 
which was drilled from pavement was calculated and compared with its design gradation to find the 
difference between them. According to the data above, the particles were classified to 2.36mm to 4.75mm, 
4.75mm to 9.5mm, 9.5mm to 13.2mm, 13.2mm to 16.0mm and 16.0mm to 19.0mm. Then the gradation 
of aggregate was calculated based on the area passing rate to simulate the aggregate sieving process.  
There are two gradation curves in Figure 4. Curve A is the coarse aggregate gradation curve of the 
cement stabilized aggregate core sample and curve B is design gradation curve. In curve A, it can be seen 
that the passing rate of 4.75mm is 31.2%, the passing rate of 9.5mm is 62.8% the passing rate of 13.2mm 
is 73.8%, the passing rate of 16.0mm is 93.3% and that of 19.0mm is 100%. In curve B, the passing rate 
of 4.75mm is 23.4%, the passing rate of 9.5mm is 54.9%, the passing rate of 13.2mm is 73.0%, the 
Fitting Eclipse 
No. Area Width Height Angle Circ. Perimeter
Major Minor 
MinFeret 
1 2299 75 44 15.945 0.566 225.882 75.4 38.822 43.458 
2 328 19 25 115.74 0.698 76.87 28.312 14.751 17.507 
3 196 7 28 90 0.538 67.657 31.595 7.899 7 
4 1872 61 62 48.771 0.618 195.037 81.393 29.284 32.527 
5 16163 122 159 106.114 0.691 542.208 167.452 122.897 122 
… … … … … … … … … … 
97 126 14 10 4.69 0.867 42.728 14.978 10.711 10 
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passing rate of 16mm is 89.5%, and the passing rate of 19mm is 100%. Figure 4 shows that the content of 
aggregate from 2.36mm to 4.75mm bigger than the design value and the content of aggregate from 
4.75mm to 9.5mm less than the design value during the construction. 
Fig.4. Gradation curve of the tested core sample 
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5. Conclusion 
In the study, an image acquisition system and software was designed. The original core sample images 
of cement stabilized aggregate base course can be got by using the system successfully. The original 
image was processed by using the method of image contrast expansion, image median filtering, image 
binarization, and then the particles in the image were labeled. After this, the characteristics of each 
particle, such as area, perimeter, fitting ellipse and minFeret were extracted. According the data above, the 
area passing rate of aggregate with different size can be calculated. Result shows that, in this way, the 
coarse aggregate (>2.36mm) gradation of a core sample drilled from pavement can be obtained quickly 
and the method is very suitable for on-site pavement gradation detection, especially for cement stabilized 
aggregate base course. 
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